APRIL 
1950 


VOLUMI 





IN THIS ISSUE: 


Approaches to Aersol Problems 





° ! 
his panel contains controis necessary fol 


carrying out full-scale model studies of 
nuclear reactor cores for power reactors. Designed 
and built by Battelle engineers, the panel has 
been installed in the newly completed 

Battelle reactor development (critical assembly 
laboratory. During the studies, the reactor cores 
mav be observed by means of closed-circuit 
television, the monitor of which can be seen 


between the two engineers 
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Creative 
Attitude in 
Research 


ANY STUDIES AND EXPERIMENTS have been made in recent 
vears on the development of the intangible quality of creativity in 
research personnel. In reviewing these, one is impressed with 
the fact that creative thinking apparently results from an attitude 
of mind more so than from any other factor. This being the 
case, it would seem that creativity in research people could 
be awakened or sharpened merely by a_ self-imposed program 


to develop a creative frame of mind. 


Research scientists, as well as people in other walks of life, 
frequently have their minds so cluttered with the details of their 
specialty that they have difficulty trying to envision fresh, unique, 
and daring solutions to problems. Some even have negative 
attitudes that cause them to react to proposed solutions to problems 
with criticism and derogation —thereby obviating the possibility of 
using the proposed solutions as springboards to the creation 
of their own superior ideas. Putting minor details of a specialty 
in their proper places, and ridding the thought processes of negative 


attitudes, might be first steps in developing a creative frame of mind. 


Once the hampering factors have been recognized, the research 
man might proceed with the positive phases of his mental 
disciplining program. We have all noticed that certain individuals 
have large numbers of inventions and unique solutions to problems 
to their credit. Why is this so? . . . Perhaps, the answer is that 
the truly creative individual is constantly trying to create. He is 
continually thinking of possible answers to problems—letting his 
mind run unchecked momentarily——pulling it back—-and then 
letting it take off in a new direction. He also uses much of his 
random thinking to define new problems and set up hypothetical 
situations based upon mentally created assumptions. Unfettered 
by the restraining dogma of his profession, he approaches a 
problem with the conviction that it can be solved— and with 
the attitude that perhaps a novel approach might be in order. 


\ truly creative thinker needs courage. His ideas may be 
scoffed at and ridiculed. He needs the courage, in the face of such 
criticism, to re-examine his idea and, if it still’ is sound, to 
champion it. The creative scientist who occasionally finds himself 
standing alone among his colleagues can take solace from 
his knowledge that the best creative minds of the past 


also were minds that knew isolation 


Wilh e + 


President and Director, 
Battelle Memorial Institute 
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FUELS SCIENTIST 
RALPH A. SHERMAN 


Etection as treasurer of the American 
Society of Heating and Air Conditioning 
Engineers is the most recent recognition 
of Ralph A. Sherman’s stature in the re- 
lated fields of fuels, combustion, and 
heating. It reflects years of fruitful 
studies and wise leadership that have 
guided research in those fields into paths 
that have contributed significantly to the 
Nation’s and world’s energy supplies. 


Broad professional interests have char- 
acterized Ralph’s career. Typical of these 
interests is his participation in the work 
of the International Joint Committee on 
Flame Radiation. The group, whose 
work is supported by both European and 
American industrial firms, conducts basic 
studies of the factors governing radiation 
from all types of flames. Ralph is an 
American delegate to the committee. 


His broad background led to a key 
role in the preparation at Battelle of a 


series of postwar studies on energy re 
sources for the President's Materials Pol 
icy Commission. Ralph also conducted 
the studies that Battelle made for the 
Government of Ireland on the utilization 
of peat. His recommendation of the use 
of milled peat for the new Ferbane elec 
tric generating station was adopted. \ 
technical director at Battelle, he includes 
among his activities guidance of me- 
chanical engineering and engineering 
economics studies as well as fuels and 
combustion research. 


Ralph's technical contributions have 
gained him lasting professional recogni 
tion. The reports of his studies on the 
burning characteristics of pulverized coal 
are the standard in the field. Other re- 
search activities embrace flame radiation 
problems, the design and development of 
combustion equipment for utilities, in- 
dustrial plants, railroads, and homes, and 
air-pollution control techniques. Prior to 
his association with Battelle in 1930, 
Ralph had delved into the combustion of 
coke in blast furnaces and the causes of 
failure of boiler-turnace refractories at 
the Pittsburgh Experiment Station of the 
Bureau of Mines. His varied activities are 
reflected in more than 100 published 
writings that bear his name. 


Ralph received the 1948 Percy Ni- 
cholls Award for his contributions to 
the knowledge of fuels and their com 
bustion from the American Society of 
Mechanical Engineers and the American 
Institute of Mining and Metallurgical 
Engineers. A 1947 poll by Chemical Bul- 
letin named him one of the ten leading 
fuel chemists in the U.S.A. His services 
to professional societies have included 
membership on the boards of directors 
of both ASHAE and ASME and he is a 
Fellow of the latter organization. He has 
also held committee and other assign- 
ments with the American Society for 
Testing Materials, the American Gas As 
sociation, and the American Society of 
Naval Engineers. He is a Fellow of the 
Institute of Fuel ( London 
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The cascade impactor, shown 
here. iw a valuabk tool for 
galuating particle sizes of 
gerosols. Developed at Bat- 
telle for the Army Chemical 
Corps, the instrument can 
handle samples of millions of 
particles ranging from 0.5 to 
0) microns in stx 





Approaches to Aerosol Problems 


The rapid expansion of aerosol applications 












is creating a growing need for more 


extensive knowledge of the nature and 





by |. Mason PitcHer 








EROSOLS, WHICH ARE SUSPENSIONS Of small liquid 
or solid particles in a gaseous medium, play an im 
portant role both in nature and in modern technology. 
Aerosols are found in nature in the form of smoke, 
suspended dust, fog, mist, or pollens. Technology has 
adapted aerosols as a means of applying medication, 
insecticides, deodorants, paints and protective coatings. 

The diameters of aerosol particles may vary from 
10* cm) to about 


100 microns. The more usual size range is 0.2 to 20 


less than one micron (1 micron 


Microns. As aerosol particle size increases, the rate 
of settling out also increases. Consequently, the larger 
sizes of particles will soon be lost from the air or other 


potentialities of aerosols. 











gas in which they are suspended unless there is con 
siderable stirring or agitation of the aerosol. Particles 
smaller than one micron will remain in suspension in 
still air for hours, and particles less than 0.1 micron 
behave almost like gas molecules and remain in sus 
pension indefinitely 

Tobacco smoke Is an aerosol composed ot solid 
particles about 0.2 micron in size. However, because 
of their hygroscopic nature, the particles take up 
moisture and become chiefly droplets of water about 
one micron in diameter. Fog droplets, which vary in 
size from about 5 to 50 microns in diameter, will re 


main suspended in moderate air currents. Pollens, a 









source of irritation to many persons during certain 
seasons of the year, vary in size from about 15 to 70 
microns, but, because of their low density and their 
configuration, they are readily held in suspension for 
extended periods of time. 

The particle sizes for some typical aerosols are 
shown below. 


Aerosol Particle size, microns 
Smoke 0.01 1.0 
Fumes 0.1 1.0 
Sulfuric acid mist 1.0 15.0 
Atmospheric fog 5.0 50.0 
Pollens 15.0 70.0 
Sprays for flying insects 1.0 60.0 


The term “aerosol”, as now used by the rapidly 
growing pressurized package industry includes foams, 
such as shaving cream and food toppings. The latter 
are not true aerosols, according to the scientific mean- 
ing of the word because such an “aerosol” is really a 
gas dispersed in a liquid medium. However, many 
other commercial pressurized products, such as the 
well-known insecticide bomb and many less familiar 
items, such as a dry-fly spray which helps fishermen to 
keep their lures afloat, are true aerosols. Commercial 
aerosols will be discussed later, after considering the 
methods of production and the physical characteristics 
of aerosols in general. 


PRODUCTION OF AEROSOLS 


Aerosols may be produced by two general methods: 
(1) particles may be dispersed by disintegrating a 
solid or a liquid material, more commonly a liquid, in a 
gaseous atmosphere, and (2) supersaturated vapors 
may be caused to condense on nuclei to form small 
droplets. 

The method of disintegration, when applied to a 
liquid, is simply efficient atomization. This produces a 
fine mist, or aerosol. In many instances, droplets too 
large for effectiveness as aerosol are removed by im- 
paction and returned to the source of supply for 
further atomization. 

Disintegration of a liquid may be achieved by solid 
injection through a nozzle as is done in a domestic fuel 
oil burner. The size of droplets produced, however, is 
relatively large, even when the pressure is high and 
orifice diameter small, and only a small fraction of the 
spray is in the size range of aerosols. A better method 
of disintegration, which will produce a finer spray, is 
two-fluid atomization. By this method, the liquid is 
broken up into tiny droplets when it encounters a high- 
velocity stream of gas such as air or steam. The process 
is also commonly called air-stream atomization, pneu- 
matic atomization, or gas atomization. The size of 


the droplets depends largely upon the difference jy 
velocity between the liquid and gas at the point of 
interaction. As gas pressure is increased, drop size 
decreases. 

Another example of aerosolization by disintegratioy 
occurs in the commercial aerosol container. The liquid 
propellant that is mixed with the active ingredient 
vaporizes and expands about 240 times. The rapid 
expansion disintegrates the liquid into extremely fine 
particles. 

Disintegration may be accomplished also by means 
of a rotating disk. Liquid is fed from a small tube onto 








produ 


The 


| serOSe 


the center of a flat disk over which it spreads in a thin | 


film. The centrifugal force of the spinning disk causes 
the liquid to be thrown from the edge as small droplets 
If the feed rate is sufficiently low, the droplets will by 
quite uniform in size because each is produced under 
identical conditions, i.e., a droplet is formed when th 
centrifugal force of rotation is just sufficient to over- 
come the surface tension that holds the droplet to the 
periphery of the disk. The rotating disk is valuable as 
a research tool to produce aerosols with uniform) 
sized droplets for experimental studies. 

The second general method of aerosol production 
that is, by condensation of supersaturated vapors—is 
best illustrated with the LaMer homogeneous aerosol 
generator. The liquid to be aerosolized is heated ina 
boiler. A stream of clean dry air is bubbled through it 
and becomes saturated with its vapor. The saturated 
air is then mixed with other dry air containing minute 
condensation nuclei, such as crystals of sodium chlo- 
ride or particles from a high-voltage arc. The mixture 
is heated again to vaporize any droplets that may 
be present, and is then passed through a cooling tube 


The vapors condense uniformly upon the nuclei and 


In recent vears, Dr Mason Pilcher 
has conducted, at Battelle, a 
tinuing program of research on prob 
lems re lating to the combustion of 
liquid tue ls In luding atomization, 
fuel spray analysis, and fundamental 
studies on the combustion of fuel 
mists. These investigations led him / 
naturally to problems concerning pat 4} 
ticle size and distribution of aerosols @ 4g 

and to his interest in the cascade im 

pactor. Earlier he had studied the ignitability of 
coal as well as treatment of the fuel to allay dust 
During a two-year association with Pennsylvania 
State University, as a member of the research 
staff, Dr. Pilcher developed a process tor distribut 
ing air in domestic stokers to permit the burning 
of strongly coking coals 
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eroduce an aerosol of quite unitorm particle size. 


nce jy 
yint P The size of particles produced by the homogeneous 
DP size | rosol generator may be increased by increasing the 
| tio of vapor to nuclei. This may be done by in 
tration | creasing the temperature of the boiler to give more 
liquid vapor, Or by decreasing the rate of production of con- 
edient lensation nuclei. The diameter of the particles may be 
rapid varied from 0.2 to 10 microns. The LaMer generator 


ly fine | and the spinning disk are both used primarily as re- 


search tools. 
For commercial production of aerosols, two-fluid on 











means 
€ onto _ gas atomization and disintegration by the vaporization 
a thin | of liquid propellants are the methods most generally 
Causes used. 
plets 
vill be . 
PHYSICAL CHARACTERISTICS OF AEROSOLS 

under } 
nN the 
over. | The most important physical characteristic of an 
to the erosol is its particle size distribution. In fact, it is 

’ 
ble as narticle size that accounts largely for the properties 
ormh of aerosols that make them useful. 

The physical stability of an aerosol depends to a 
ion considerable degree upon the rate at which the par 
rs—is ’ ticles settle after dispersion. For particles between 1 
rosol and 100 microns diameter, Stokes’ law provides a 
ina neans for determining rate of settling. According to 
gh it | this law a particle attains a steady terminal velocity 
rated ) of fall which is proportional to the square of the 
‘nute liameter. 
chlo. ? The graph on page 6 shows the terminal velocity for 
<ture | Water droplets, or other droplets of unit density, when 
moe falling through air at 70 F. A 100-micron droplet has a 
tube. } terminal velocity of about 30 cm, or 1 ft per second. A 

nd | 10 micron droplet has a terminal velocity that is one 
one-hundredth of this value, e.i., 0.3 cm or 0.01 ft. per 
second. The terminal velocity for a 1 micron droplet TO VACUUM PUMP 


is about 0.003 cm or 0.0001 ft. per second, hence, the 


rate of loss by settling of particles of this size is Chis diagram of the cascade impactor illustrates its mod 
extremel\ low. of ope ration Large st parti le $ of the at rosol ( olle ct on the 
4 slide in the first stage, and at succeeding stages, other 
W ith aerosols composed ot liquids that have an party les are removed in progressively smaller sizes as the 


appreciable vapor pressure at room temperature, sur- velocity of the stream is increased by the oa 
openings. Thus size classification is achieved. The very 

face evaporation from the drops may account for loss small, sub-micron particles are trapped by a filter 

. . . , f § C2 

of particles, or at least for a decrease in their size in the last stage 


Coagulation is also a factor influencing the stability 





of an aerosol. When two liquid particles collide, they in popularity, depends upon this same characteristic 

ma\ coalesce to form a larger particle which settles Aerosol particles also have the ability to scatter light 

with a higher terminal velocity. as evidenced by a beautiful sunset. Maximum scatter 
° Aerosol particles may carry electrical charges which ing effects are obtained when the particle size is ap 
e | will cause them to be attracted to each other or to proximately equal to the wavelength of the light being 
° another surface. The dry photographic process known scattered. The obscuring power of aerosol smoke 
: as Xerography depends upon the ability of solid screens, which are more effective when composed of 
° aerosol particles to become electrically charged and be transparent liquid droplets rather than solid particles 
e | attracted to a charged plate. Electrostatic painting depends upon this ability to scatter light. 
° with aerosols, a technique that is rapidly increasing Thermal repulsion, or the radiometer effect, is the 








characteristic of aerosol particles that causes them to 
collect preferentially on cold surfaces. The cooler 
surfaces on the walls of a room can often be detected 
by the greater accumulation of dust. The greater 
repulsion of the particles from the warmer surface is 
attributed to greater molecular bombardment of the 
particles from this surface. 

Because the behavior and character of aerosols de- 
pend to such a great extent upon particle-size distribu- 
tion attention will now be directed toward methods 
for measuring this characteristic. 


S1zE ANALYSIS OF AEROSOLS 


The ordinary light microscope is the basic laboratory 
tool for the measurement of the size of aerosol particles 
down to about one-half micron diameter. However, 
microscopic examination as a routine procedure has 
the disadvantage that much time and tedious effort are 
required to make sufficient measurements to obtain a 
reasonably accurate distribution curve. Consequently, 
several other methods that are less tedious and time 
consuming have been devised. These methods are 
based upon the ability of aerosols to scatter light, to be- 
come charged electrically, to absorb heat on evapora- 
tion, to settle at known rates in a quiescent atmosphere, 
or to be classified by selective impaction. 

When aerosols are sampled by collection on a glass 
slide for ordinary miscroscopic examination, two major 
problems involving accuracy are encountered. First, it 
is difficult to obtain a representative sample of the 
aerosol because only the larger particles are collected 
on the slide; the smaller particles tend to float with the 
air current around the slide. The sample is, therefore 
biased in favor of the larger droplets. Secondly, if the 
liquid of which the aerosol is composed is volatile, 
evaporation will take place before measurements of 
particle diameters can be made. A third, and _ less 
formidable, problem is that the droplets flatten after 
collection on the slide. However, if the slide is thor- 
oughly cleaned and its surface is treated for wet- 
tability, a definite relationship exists between the meas- 
ured diameter and the diameter of the spherical drop 
before collection. In spite of these obstacles, much size 
analysis of aerosols by ordinary microscopic sizing and 
counting has been carried out in the laboratory. 

An easily measured function of particle size is the 
intensity of the light that is scattered by the suspended 
particles in an aerosol. This indirect method of size 
analysis is rapid but requires elaborate equipment that 
must be calibrated against a direct method. An in- 
strument called an “aerosolscope”, which operates on 
the principle of light scattering, has been developed 
by the Armour Research Foundation and the Army 
Chemical Corps. In this instrument, the diluted aerosol 
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passes through an illuminated region and each partick 
produces a pulse of scattered light. The light is r 
ceived on a photomultiplier tube and gives rise to a 
electrical pulse, the amplitude of which is related t 
the size of the particle. The electrical pulses are the 
sorted according to particle-size range and counted 
An instrument known as the “owl”, for determining 
the particle size of homogeneous (uniformly sized 
aerosols, has been developed by V. K. LaMer and 
David Sinclair at Columbia University. Particle diam- | 
eters from 0.2 to 0.4 micron are determined by meas- 
urement of the polarization of light scattered at right 
angles. Diameters from 0.4 to 2.0 microns are deter 
mined by counting the number of spectra in the 
scattered light. In addition to being moderately ho- 
mogeneous as to size, particles must be transparent and 
approximately spherical to make use of the “owl”. 
Electrostatic particle-size separation offers promise 
as a means for size analysis of aerosols, but at present 
no satisfactory adaptation of this principle has been 
evolved. 
A hot-wire detector is another device that may some 
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some 


day serve as a means for determining the number and 
sizes ot particles of volatile liquids. This works as fol- 
lows: When a gas containing a suspension of droplets 
is passed across a small electrically heated filament, 
acooling effect is produced by the sudden evaporation 
of each droplet that collides with the filament. The 
cooling causes a decrease in electrical resistance which 
isa function of the heat required to vaporize the drop- 
let which, in turn, is a function of droplet size. 
Stokes’ law of settling offers a practical means tor 
An 


instrument based upon this method is the “micromero- 


determining size distribution for solid particles. 


graph’. The aerosol is introduced into the top of a 
sedimentation column, and the particles are allowed 
to fall to the pan of a servoelectronic balance at the 
bottom. A record of weight versus time is then con- 
verted into a continuous particle-size distribution curve 
through the application of a template based on Stokes 
law. Evaporation would make the method unsatis- 


factorv for aerosols composed of volatile liquids. 


CasCADE IMPACTOR 

4 method of size analysis that has been employed 
extensively in the aerosol laboratory at Battelle during 
the past four years is based upon the principle ot 
selective impaction. The instrument is called a “cascade 
impactor”. It operates on the principle that particles in 
a moving aerosol will impact upon a slide placed in 
their path provided the inertia of the particles is 
suficient to overcome the drag exerted by the air 
stream that must move around the slide. 

The diagrammatic sketch on page 5 shows what hap- 
pens when an aerosol is sampled in a cascade impactor. 
The large particles impact on the first slide after pass- 
ing through the first jet where the velocity is quite 
low. The medium sized particles impact after passing 
through the second jet which is smaller in diameter 
and imparts a higher velocity to the particles. The 
small particles impact after passing through the third 
jet for which the velocity is still higher. The extremely 
small particles, usually submicron in size, that fail to 
impact on any slide, are removed by the filter stage 

Any number ot stages may be used: however. CX 
perience at Battelle has shown that 6 to 7 stages are 
adequate to provide enough data to plot a_ size 
distribution curve for most aerosols. 

Before the instrument is placed in routine service, 
4 calibration, based on microscopic examination of 
droplets, is made to determine the size range for each 
slide. Then no further microscopic counting is re 
quired, and the weight of particles for each size frac 
tion can be determined by quantitative analysis of the 


material impacted on each slide. 


Analytical methods that have proved satisfactory 
with the impactor are: (1) weighing of the particles, 
provided they are not volatile liquids, (2) colorimetric 
or fluorometric analysis after adding a dye to the liquid 
before it is aerosolized, and (3) radiochemical analysis 
preceded by the addition of a radioactive tracer such 
as phosphorus-32. The radiochemical method is the 
most rapid and precise method, but has the disad- 
vantage that certain radiological health-safety precau 
tions must be adhered to. 

The cascade impactor should be properly designed 
to insure a minimum loss of droplets on the inner 
walls of the instrument, and to provide a sufficiently 
sharp cutoff in size between successive stages. This 
instrument is ideally suited for the size analysis of 
aerosols composed of droplets in the size range of 0.5 
to 20 microns. By means of specially designed jets, the 
size range may be extended upward to about 80 
microns. 

The impactor has the important statistical advantage 
that it can collect an aerosol sample of millions of 
particles rather than a few hundred, as with mi 
Croscopic methods. Also, assuming that a filter stage is 
utilized, all particles of all sizes are removed from the 
to a 


aerosols, and sampling bias can be reduced 


minimum. 


Tue Arrosot INpUSsTRY 

During the past ten years, the chemical industry 
has capitalized upon the many advantages offered by 
aerosols produced from pressurized containers. Produc 
tion has increased at a rapid rate from 5% million con 
1947, to an estimated 250 million in 1955 


Based upon an average retail value of one dollar per 


tainers in 


unit, this is a quarter billion-dollar per year industry. 

The phenomenal growth of the aerosol industry is 
based solidly upon consumer acceptance of aerosol 
products as handy tools with which to do many chores 
faster, easier, and more conveniently than before 
Push-button response and the elimination of the fuss 
and bother of hand sprayers and paint brushes appeal 
to the American public. 

The development of aerosol products stems from 
research conducted by Lyle D. Goodhue and William 
H. Sullivan of the Department of Agriculture during 
World War II. In their efforts to find a way for troops 
overseas to combat insects, they developed a light 
portable aerosol dispenser which used fluorinated 
hydrocarbon compounds such as the “Freons” or 
“Genetrons’ as propellants. These dispensers were of 
heavy steel construction and operated at about twice 
the dispensing pressure of today’s tinned metal aerosol 


containers. The propellant most commonly used today 








is a 50-50 mixture of trichloromonofluoromethane and 
dichlorodifluoromethane which exerts a pressure of 
approximately 38 pounds per square inch gage at 70 F. 
The maximum pressure permitted by Interstate Com- 
merce Commission regulations is 40 pounds per square 
inch at 70 F. 

The propellant commonly used to pressurize foods 
such as whipped cream is nitrous oxide, or nitrous 
oxide and carbon dioxide, as a compressed gas rather 
than as a compressed liquefied gas. ICC regulations 
have set a top pressure limit of 105 pounds per square 
inch gage at 70 F, and 140 pounds at 130 F for prod 
ucts using compressed gas rather than a liquefied gas 
as the propellant. 

Nearly 100 different types of products are now 
available in aerosol cans including such well known 
items as insecticides, room deodorants, mothproofers, 
snow, plastic paints and 


Christmas tree 


lacquers, fire extinguishers, hair lacquers, suntan sprays 


sprays, 


and colognes. Many cosmetic experts consider the 
aerosol package to be the most important cologne 
advance in the last century. Besides being the best 
way to apply perfumes and colognes, the fragrance 
is protected by the exclusion of air and by the elimi- 
nation of evaporation and oxidation each time an 
ordinary bottle is opened. 

Some of the less familiar products that have re- 
cently appeared, or will soon appear, on the market 
are an anti-tarnish spray for silver, a cleaner for fur 
coats, a weed killer, an adhesive, and a repellant to 
discourage birds from roosting on buildings. 

Inhalation therapy, which is the introduction of 
aerosols into the respiratory organs by inhalation, is 
receiving much attention in the treatment of bronchial 
and pulmonary diseases. 

the total annual production of aerosol units during 


recent years is shown below: 


Year Millions of Units 
1947 + By 

1948 9.9 

1949 19.5 

1950 30.0 

1951 13.0 

1952 96.6 

1953 140.0 

1954 200.0 

1955 250.0 (estimate ) 


COMMERCIAL AEROSOL PROBLEMS 


An aerosol market survey conducted last year by 
du Pont’s “Kinetic” Chemicals Division showed that 
97 per cent of the persons who responded have pur- 





chased some aerosol product. The survey of consume; 





satisfaction indicates that there are some problem; 


Two per 





that remain to be solved by the industry. 
cent of those using insecticidal aerosols were dis. 
satisfied, 22 per cent were only partially satisfied, and 
74 per cent indicated complete satisfaction. Reasons 
tor only partial satisfaction with aerosol insecticides 
were that they were not effective, were not economical] 
had too strong an odor, had defective container. 01 
were messy and not desirable for use around childrey 
These problems will undoubtedly be worked out jy 
the near future through research leading to aerosol 
zation of particles of optimum size, the development 
of more corrosion-resistant containers, safer containers 
and better valves with a wider range of usefulness 
The effectiveness of many of the aerosol products 


is closely related to the size distribution of the clroplets 


For example, in the case of insecticidal aerosols ther 


— 


is an optimum size that will most likely collide wit! 


a flying insect. Droplets that are too large will setth 


out too soon and be lost from the atmosphere whereas 
droplets that are too small will follow the air-strean 
lines around the insects and will not impinge upo 
them. Also, there is an optimum drop size for paints 
and lacquers that will insure the desired penetratior 
distance and covering power. Neither positive informa- 
tion concerning the optimum size, nor a satisfacton 
standard method for measuring drop-size distributior 
is now available. However, the Chemical Specialties 
Manufacturers Association recently appointed a com 
mittee to establish a standard method for determining 
particle size and much progress is being made in this 
direction. 

Corrosion of containers is of great concern to pack 
agers of products like shampoos (which contain syn- 
thetic detergents ). perfumes and colognes ( which con- 
tain alcohol), and personal deodorants (which con 
tain highly corrosive aluminum salts 

Safety is becoming an increasingly important prob 
lem because of the potential hazards involved with 
the recent introduction of pressurized glass containers 
that break and 
dropped. Plastic containers especially for the small 


2- to 6-ounce packages, are an even newer develop- 


might shatter when accidentally 


ment that will require testing on the consumer market 

Valves are another part of the aerosol problem that 
will require more investigation. Further knowledge is 
desired concerning the effects of nozzle design and 
container pressure upon spray pattern and_particl 
size. 

If the past ten years is any indication of what can 
be expected to take place in the years ahead, the 
aerosol industry will continue to make rapid strides 
both in expanding its markets and in improving the + 
technical quality of its products through research. 
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.. magnetic field, it is used to produce 
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watches, valve seats, and bearings, and the control of 
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material quality by means of Haw detection, viscosity 
measurements in liquids, and crystallinity measure 
ments in solids. The introduction, recently, of high 
frequency rotary generators and the development of 
ceramic transducers has reduced the initial cost of 
many ultrasonic installations in industry. With ac- 
celerated competition, these costs will be further re- 
duced, thus making them comparable to other forms of 
energy generators. The coming years will see many 
large-scale processing systems and industrial aids de- 
veloped around ultrasonic energy; and generators of 
ultrasonic energy will be as common as electromag- 
netic-wave propagators. 


PHENOMENA OF ULTRASOUND 


Ultrasound may be defined as that portion of the 
vibration spectrum lying above audible sound. In 
general, transducers converting some form of energy 
into ultrasound are either magnetostrictive, piezoelec- 
tric, or fluid-dynamic devices. Magnetostrictive trans- 
ducers operate on the principle that certain materials 
undergo appreciable changes dimensionally under the 
influence of a magnetic field, while piezoelectric or 
electrostrictive materials change dimensionally under 
the influence of electric fields. The former are com- 
monly used to generate ultrasonic vibrations between 
20 and 40 thousand cycles per second and the latter, 
for higher frequencies of vibration. Fluid-dynamic de- 
vices are restricted practically to the lower frequencies 
of the ultrasonic range and operate on the physical 
interruption of a fluid stream. 

The utilization of 
process requires an appreciation of the physical param- 
the that affect 
ultrasonic effects. Too often, this requisite is not satis 


these transducers in a given 


eters of entire processing system 
fied. Consequently, negative results may appear in 
large-scale industrial applications, although in the 
laboratory results had been positive. As in the use 
of electrical energy, the mechanism underlying ultra 
sonic effects is often not understood. By taking an in 
telligent approach to a potential application, however, 
a desired effect can often be accomplished or definitely 
disqualified for logical reasons. 

Basically, one might consider all ultrasonic effects 
as due to mechanical interaction between matter. The 
results of this interaction, which in most instances takes 
place locally in a microscopic volume, are cavitation in 
liquids, stresses in solids, and particle motion in solids, 
liquids, or gases. The ultimate effects, though usually 
ascribed to ultrasonic energy, may be due to a second- 
ary form of energy generated by mechanical interac- 
tion. The exact mechanism in ultrasonic processes is 


not known, and further investigation is needed before 





a full appreciation of its usefulness can be obtained 

In the processing of liquids with ultrasound CaVita 
tion is usually essential. This phenomenon occurs 
liquids whenever they are exposed to pressures beloy 
their vapor pressure. A common evidence of cavitatig 
is the boiling of water. In this instance, the atmospher; 
pressure is lower than the vapor pressure of water a 
the elevated temperature, giving rise to boiling g 
formation of vapor bubbles. During the negative pres. 
sure cycle of an ultrasonic wave, liquids experienc 
local pressures lower than the vapor pressure of th 
liquid, or its absorbed gases, and vapor bubbles ar 
formed. The vapor bubbles produced are not stab 
because, during the positive cycle of the ultrasoni 
wave, pressures are higher than the vapor pressur 
thus causing an instantaneous collapse of the cavity 
The implosion imparts extremely high accelerations 
the liquid or its suspended particles which affect th 
end results of ultrasonic exposure. In the cases of 
particle dispersion, milling of organisms, emulsification 
homogenization, machining of materials, cleaning 
impregnation processes, the high particle accelerations 
are generally accepted as the cause of end effects 
However, in the acceleration of electrolytic processes 
chemical reactions, or sterilization, there is a questioi 
as to whether particle acceleration, agitation, ionic dis 
charges, or pressure of local heating is the cause, o 
whether all factors play a major role in bringing about 
the end result. 

Ultrasonics in gases, liquids, or solids, for many ap 
plications, rely on the physical properties of matter 
These applications generally are in the field of in 
strumentation. Through analysis of vibrations propa 


gated in matter, its physical properties can often b 


John Antonevich has participated in a 
variety of studies at Battelle involving 
the application of ultrasound, includ 
ing the treatment of biologicals, the 
development of ultrasonic 
for dispersing mate rials, and the devel 
opment of ultrasonic equipment He 
also aided in the establishment of an 
electronic system for storing and han 
dling information. Betore joining Bat 
telle, he was engaged in experimental 
electrical engineering in connection with home ap 
pliances, fractional horsepower 
chrounits for aircraft. An electrical 
graduate of Marquette University, he 


techniques 


motors, and syn 
enginecring 
holds Thiet 


bership in the Institute of Radio Engineers, the 
American Institute of Electrical Engineers, and 
the Acoustical Society of America 
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B SURFACE TREATING: Cleaning 
Pickling Etching 


Degreasing 


Emulsifying 
polymerizing - 
Bleaching - Quenching - 


germination 


measurements 


urements - Gas Analysis - Delay lines. 


powders - Molding - “Dry lubrication’. 
B® MEDICINE: Tumor detection 


Cauterization - Surgical knife. 





B MATERIAL WORKING: Extrusions - 


Burrless stamping - Grinding - Deburring - Rolling. 


SUCCESSFUL AND POTENTIAL USES OF ULTRASOUND 


Mechanical polishing 
Application of protective coatings 


B MATERIAL JOINING: Adhesive . bonding - Welding 


B® MATERIAL PROCESSING: Degassing 
Fermentation - Aging alcoholic liquor 
Sterilizing - Precipitation - Agglomeration - 
Annealing - Impregnating - Filtering 


Influencing organism growth - Vaporizing - 


B QUALITY CONTROL: Fatigue testing - Flaw detection - Viscosity measurements 
. . . 
Thickness measurements - Abrasive testing - Stream velocity measurements Liquid level 


Elastic constant measurements 


B® ASSEMBLY TECHNIQUES: Jmpregnation 


Neurosurgery 


Drawing 





Electrolytie polishing 


Fusing - Soldering 


Micro-forging - Spinning Drilling 


Pulverizing or milling - Particle dispersing 


Homogenizing Polymerizing De 
Fluidizing 
Se f d 


Electrolytic processes - 
Tempering - Sintering 


Dry cleaning - Extracting. 


Grain size meds 


Magnetic field detection 
Assembling precision fits 


( ompae fing 


Therapy - Cleaning and sterilizing 








determined. These data, in turn, can be used to con 
trol material quality in production lines. Other applica 
tions rely upon the induction of stresses or unbalanced 
forces within matter to alter their normal state. Typical 
applications are the modification of crystal structure in 
solids and the precipitation or agglomeration of par- 


ticles in gases or liquids. 


APPLICATIONS 


The characteristics of ultrasonic energy and its var- 
ious and unusual effects upon materials make it useful 
or potentially useful in a wide variety of industrial and 
experimental applications. As pointed out above, ultra- 
sound has already been proved effective for many 
tasks, and it only awaits more efficient and economic 
equipment to extend greatly its usefulness in plants 
and laboratories. The following discussion is an in 
complete presentation of ultrasound’s potentialities, 
but indicates its tremendous promise for the future. 

The fact that ultrasonic waves can be reflected and 
detected has been used in a number of practical in 
dustrial applications. Pulse techniques are common in 


the inspection of materials where inspection is ac- 
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complished by propagating an ultrasonic pulse through 
material. If discontinuity of structure exists in the ma- 
terial, the discontinuity reflects the pulse to a receiver 
which can indicate location as well as magnitude of the 
discontinuity. Ultrasonic “antennae” have been devel 
oped and used in measuring the rate of flow of high 
volumes of fluids. In this application, alterations of the 
“antenna” propagation pattern is interpreted in terms 
of liquid flow rate. Viscosity measurements are now 
being made by interpreting changes in the absorption 
of sound being propagated through a flowing liquid 
Extension of this kind of behavior of ultrasonic vibra- 
tions to many other industrial control problems will be 
made in the coming years. The advantages of these 
techniques are that generally no probe is required in 
fluid streams, materials can be inspected nondestruc- 
tively, and a fair degree of accuracy is attainable. 
The propagation of ultrasonic waves and electro- 
magnetic waves is somewhat analogous. In fact. use 
has been made of ultrasonics to simulate radar net 
works facilitating, to some extent, the design of costly 
radar systems and the instruction of navigators in the 
principles of radar. With extended research, it might 
be expected that models simulating geophysical condi 


tions could be developed which would bring nearer the 








day when interpretation of radar data can be foolproof 
in predicting coming geophysical disturbances gov- 
erning the earth's weather. 

Cavitation phenomena produced by high-intensity 
ultrasound in liquids have been extensively used in in- 
dustrial cleaning and machining operations. They have 
been found exceptionally effective in the removal of 
loose soils, oils, and certain bonded films from as- 
semblies. Applications to the cleaning of bearings, in- 
tricate patterns, fountain pens, and metallographic 
specimens and to the decontamination of equipment 
used in handling radioactive materials are common. 

Ultrasonic cavitation is, perhaps, the major factor in 
the ultrasonic machining of hard brittle materials. It 
is known that cavitation in an abrasive slurry will erode 
material placed in the region of cavitation. In fact, 
cavitation alone, in abrasive-free liquids, will erode 
materials placed in its vicinity. The design and devel 
opment of practical ultrasonic generators has led to 
many commercially available tools for machining hu- 
man teeth, carbides, sapphires, quartz, ceramics, and 
other materials which are difficult to machine by con- 
ventional techniques. An additional feature of ultra- 
sonic machining is that one can drill any type of hole 
configuration or profile. A few typical applications are 
the cutting of optical lenses, cameos, jewel bearings, 
intricate molds, semiconductor materials for tran- 
sistors, and the marking of delicate parts where no 
distorting forces are permitted. 

One field of industrial application where ultrasonic 
cavitation will play a greater role is in the processing 
of liquid materials. High cost, lack of technology, and 
inadequate equipment were perhaps the causes of past 
stagnancy. With the introduction of larger and more 
economical equipment, laboratories are again re-evalu- 
ating ultrasound for large-scale industrial processing 
of liquids. Although many applications have been 
found unfeasible because of side effects, the countless 
possibilities and successes on a small scale indicate a 
promising future. Some successful applications, al- 
though not fully exploited, are the dispersion processes 
such as dyes in textiles, pigments in paints, pulveriza- 
tion of ore, aging of alcoholic liquors, extraction of 
hops, milling of organisms in slurries, and acceleration 
of the dissolving rate of hard-to-dissolve salts. In the 
last instance, a speeding up by as much as 100 times 
had been realized in the dissolving of lead nitrate and 
lead acetate in water for use as masking materials in 
radiography. 

The continual growth of the electronics industry and 
its accented trend toward miniaturization should find 
ultrasonics a highly useful form of processing energy 
in the future. Ultrasound is being used in reclaiming 
formerly scrapped electron tube elements, cleaning 
components, processing printed circuits, fluxless solder- 


ing of aluminum, cleaning transistor elements, apé 
machining semiconductor materials and components 

The trend toward miniaturization imposes on the 
electronics industry the need for purer, more homoge. 
neous, or finer materials. By ultrasonic agitation 
cavitation, molten materials could be degassed 
homogenized for use as electrode materials. Ultrasoni 
treatment of dielectric or magnetic materials in cop. 
junction with polarizing forces may enhance the elec. 
tromagnetic properties of components and thus permit 
size reduction, For example, electrets, permanenth 
charged dielectrics, have been a laboratory curiosity 
for a quarter century with little practical applicatioy 
due to their instability under normal conditions an¢ 
their nonreproducible characteristics. Ultrasonics may 
prove to be the energy form required to develop con 
sistently stable electrets either through material devel. 
opment, or as an aid in molecular alignment for 
permanent polarization. Similarly, ultrasound may find 
a place in the further development of permanent mag. 
nets. Moreover, by cavitation or agitation processes 
suspensoids of controlled particle size could also b 
produced for film deposition as in resistor, capacitor 
or TV tube production. 

Ultrasonics’ simplest types of application are perhaps 
those where only particle displacements of matter ar 
required. In some cases, where crystalline, hard, brittk 
materials form in containers, ultrasonic vibrations wer 
found effective in removing them in dry form. In the 
production of many items, matching parts are desired 
with little or no tolerance when assembled. With th 
aid of ultrasound, such parts can be assembled with 
little difficulty since the vibrations will act as a lub- 
ricant. A forced high-frequency vibration between sur- 
faces reduces the apparent friction between them, thus 
reducing the forces required to slide one surface over 
the other. This characteristic should find ready applica 
tion in the drawing, spinning, grinding, rolling, and 
extruding of materials. 


Ultrasonic energy is absorbed at interfaces and con 


verted into heat, therefore, it can be used in fusing or 


welding low-melting-temperature metals or bonding 
other materials together by fusion or an adhesive laver 
Joints produced by ultrasonic techniques will tend to 
be stronger due to better wetting and film uniformit 

Ultrasonic agitation is extremely useful in various 
processes involving either liquid or powder. Since the 
agitation reduces surface tension. it has been found 
useful in filtering organisms from liquids, impregnating 
miniature assemblies or porous materials, and in apply- 
ing protective films over rough surfaces. The same type 
of energy has also been found effective in the fluidiza- 
tion of certain powders for gas-particle reactions. Since 
the vibrations maintain all particles in motion, the 
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the use of ultrasound in 
lobotomy. Ultrasonics now permits the destruction of 
the 


surgery, thus reducing the possibility of damaging 


in medicine has been 


abnormal regions of brain without recourse to 
normal brain regions. Such equipment has been evalu 
ated and found successful in operations on animals. A 
reduction in neurosurgical fatalities is anticipated. The 
field of medicine can look forward to unique instru- 
ments producing beneficial results from the use of 
ultrasound. 

Ultrasonics has a definite role in almost every in 
dustrial plant or laboratory. Through research, its posi 
tion will be established and tend to reduce production 
costs and enhance product quality. The reductions 
have been, and will, in general, be found in processing 
time, space, or equipment. A critical evaluation of 
many industrial processes in light of present and future 
developments in ultrasonic technology and equipment 


is warranted 


a greater share of our technology 


will be provided by independent research organizations not attached 


to specific industrial concerns. These independent research 


organizations by competition amongst themselves will establish the 


competitive market value of various forms of technology and ou 


“captive” research organizations will remain in business only 


to the extent that they can compete with the independent groups 


and do an even better job. This will tremendously increase 


oul 


capacity to make new discoveries and provide technical solutions to 


E. Duer Reeves, Executive \ ice Pr esident, 
Esso Research & Engineering Corporation 
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mn the Other miscellaneous uses for ultrasonic energ) 
Moge. further illustrate the versatility of the technique. Thus 
ion or _ lint, excess dye material, and soils have been removed 
ed o from fabrics without the use of liquids. Ultrasonic 
asonic agitation, in conjunction with solvents, was found use- 
D Con. ful in removing stains trom fabrics. One novel applica- 
elec. _ tion of vibrating energy was in the discouraging of 
Dermit harnacles from fixing themselves to ship hulls. The 
nently de-icing of aircraft and the sonic fluidization of blast 
riosity furnaces to reduce clogging have also been suggested 
cation | = potential uses for ultrasonics. 

sand) in the field of medicine, many strange and beneficial 
S may, ¢hects of ultrasound as a form of therapeutic energy 
) con are being reported Rheumatic and _ arthritic pains 
Jevel. | or paralysis have been reduced or fully cured with 
it for , Ultrasonic equipment. Cures of aural ills have been 
, find | reported, as well as many other ailments requiring 
‘aa | therapy. Perhaps the greatest ultrasonic development 
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a INSPECTING LAMINATES 


Increased use of reinforced laminates in the 

construction of small boats and in other 

marine applications has spurred the need 
for objective inspection techniques for these materials. 
Visual examination and tapping tests, currently used 
for examining laminates, are dependent on the skill 
of the operator. Visual inspection was reported to be 
the best present test for laminate quality where the 
material was translucent. 

Improved means for inspecting glass-reinforced plas 
tic laminates nondestructively have been devised in 
research conducted at Battelle. Three promising in 
spection techniques were described in a paper by 
A. J. Schwarber, Jr., of Battelle, and W. R. Graner 
Bureau of Ships, U.S.N., presented February 8, 1956, 
at the 11th Conference of the Society of the Plastics 
Industry, in Atlantic City, New Jersey. These tech- 
niques utilize ultrasonic or electrical energy to deter- 
mine thickness and detect such flaws as delamination 
and porosity. 

In ultrasonic through-transmission testing, the speci- 
men is passed between a crystal generating ultrasound 
and another crystal receiving the ultrasound. Such an 
inspection must be conducted in a suitable sound- 
transmitting fluid such as water or oil. The receiving 
crystal produces an electrical signal proportional to the 
ultrasound impinging on it. Any defects or discon- 
tinuities in the specimen are indicated by a decrease 
in the received signal. This inspection method, which 
is limited to small-parts inspection or laboratory tests, 
is extremely sensitive and readily locates defects in 
panels up to one-half inch thick. 

Another ultrasonic test described by Schwarber and 
Graner is based on the principle of resonant frequency. 
An instrument transmits ultrasound of varying fre- 
quency to the specimen. When the specimen receives 
that frequency which is characteristic of its thickness, 
it will resonate, producing changes that may be meas- 
ured in the electrical circuit. Using a special barium 
titanate transducer to impart the ultrasound to the 











specimen, Battelle research technologists have beep 
able to measure laminate thickness with a maximum of 
eight per cent error in the thickness range from X to 
% inch. 

The dielectric test utilizes a capacitance-type prob 
which is a modification of a patented thickness gag 
Dielectric properties of the laminate specimen produc 
changes in the capacitance of a condenser. As laminat 
thickness—and in some cases resin content——changy 
the capacitance of the condenser changes; the resulting 
variation registers in the oscillator circuit. The prob 
can measure laminate thickness from one side of thy 
specimen and will also function as a_ glass-content 
meter when the thickness of the laminate is constant 
\ gross defect in the laminate. such as a large dry spot 
or resin concentration, will cause a sudden meter & 
flection as the probe passes from normal to a positioy 
over a defective area. 

Research on nondestructive inspection methods for 
reinforced laminates is currently being continued at 
Battelle under the sponsorship of the U. S. Nay 
Bureau of Ships. Work is directed toward further 
development of the dielectric probe tester and th 


resonant frequency apparatus. 


oY PITANIUMES FUTURE 


As metallurgists work with titanium, they 

are able to determine more specificallh 

where its properties will be most useful 
According to Harry B. Goodwin of Battelle, titanium 
is no longer seen as a “wonder metal”. but rather as 
another very useful structural material with definit 
but limited uses. In a talk before the winter meeting of 
the American Institute of Electrical Engineers, Good 
win pointed out the metal’s desirable properties and 
limits and some of the uses for which it appears 
destined. 

Thus titanium’s lightness and strength make it de 
sirable for those parts of jet engines and airframes 
which operate within a certain temperature range. It 
may have desirable properties for armor. Its corrosion 
resistance suggests use on shipboard where contact 
with sea water is necessary. Goodwin suggested that 
when the metal’s cost has been sufficiently reduced, it 
will be ideal for valves, salt-water piping, deck fittings, 
etc., as well as for equipment for the chemical industry 
where titanium’s resistance to certain acids and cor- 
rosive solutions (particularly chlorides) makes it 
attractive. 

After reviewing the problems which metallurgists 


have overcome, and still face, in the preparation, han- 
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jing, and fabrication of titanium, the Battelle metal- 
wrgist discussed the future of the metal. He referred 
the prediction made by Professor H. H. Kellogg, 
chairman of the Office of Detense Mobilization Ti- 
nium Advisory Committee, that when the industry is 
mature, annual production will be of the order of 
200,000 tons and the price of mill products is likely 
to be a little over $2 per pound (in 1954 dollars). 


SELF-CONTROLLING SILVER ETCH 


\ desire for economy and convenience in 

the etching of silver led Philip F. Kurz and 

his colleagues at Battelle to develop a self- 
vntrolling etching process. Their purpose was to 
dean and prepare silver surfaces for further chemical 
treatment. 

As developed, the process involves the use of a three 
per cent aqueous solution of nitric acid containing 
0.4 per cent sodium nitrite. The technologists found 
that the attack of the solution in silver was rapid, but 
not violent, during the first minute of boiling. At the 
end of three minutes the etching was almost complete 
and appeared to be complete after five minutes of boil 
ing. No further action of the acid on the silver was 
visible even after boiling for an additional 55 minutes 
water was added _ periodically to keep volume es 
sentially constant ). 

The process was used successfully with silver foil 
and sheet ranging from one to ten mils in thickness and 


with up to 100 square inches in superficial surtace area. 


oes FARM MATERIALS AND INDUSTRY 

Greater industrial use of farm products and 
residues is recognized as one potential 
means of improving the economic condi 
tion of American agriculture. Odin Wilhelmy of Bat- 
telle. in a recent talk before the Central Ohio Chapter 
of the American Marketing Association, stated that 


technological know-how is available to convert crops 
many industries. 


that the 


and residues to materials usable by 


pointed out tactors 


\t the same time, he 
preventing such exploitation are largely economic. 
Wilhelmy listed the following as some of the obvious 
economic problems requiring attention: the cost of 
gathering materials into large enough quantities to 
make them economically useful; the cost of transport- 
ing bulky materials; risk of investing in necessary 


processing plants; instability of farm prices; supply 


instability; necessity of splitting the raw material into 
component parts to make an industrial product; and 
price and quality competition from products of non 
agricultural origin. 

These difficulties, Wilhelmy 


surmountable, and he suggested the following courses 


believes, are not in 
of action: 

1. Surveying agricultural raw materials available for 
industrial uses, as to their location and quantity. 

2. Developing equipment suitable for local semi 
processing to reduce handling and transportation costs. 

3. Encouraging more basic and applied research to 
determine the fundamental properties of the materials 
and to develop more economic methods for converting 
the materials into useful products. 

4. Educating farmers, industries, and transportation 
companies on the potential benefit to them of using 
agricultural materials for industrial purposes, and 
providing the incentives necessary to induce them to 


take such action. 


RESEARCH SURVEY 


Basic and applied research by private in 
dustry reached a total of $3.7 billion in 
1953. This is a finding in a recent survey 
made by the National Science Foundation. The survey 
IS only one part of a study on research and develop 
ment which is planned by the Foundation. The com 
plete study will cover research and development 
activities of industry, colleges and universities, Federal 
State 


commercial 


and Government agencies, trade associations. 


laboratories, and nonprofit research in 
stitutes and foundations. 
1953. 


enough other research was conducted to raise the total 


In addition to industry's expenditures in 


for the year to about $5 billion. This figure is much 
higher than those generally used in previous estimates. 
It may be explained by the fact that the NSF survey 
is perhaps the first one complete enough to provide 
estimates for industry as a whole. 

According to the NSF report, the electrical equip 
ment industry was first in research with expenditures 
well over $750 million, followed by the aircraft and 
manufacturing industries which spent over $700 mil 
lion each. The chemical and machinery industries 
ranked fourth and fifth with expenditures over $300 
million, followed by the instrument, petroleum prod 
ucts and telecommunications industries, in that order, 
with expenditures of more than $100 million. About 
one-third of the research credited to industry in this 
survey was financed by the Federal Government under 








contracts with private companies for special projects. 

During 1953, private industry reportedly spent 
slightly under $150 million for basic research, or about 
4 per cent of the total for all research. In this field 
the chemical industry spent 25 per cent of the total, 
about $38 million, which is about 10.5 per cent of its 
total research expenditures. In all, about 40 per cent 
of the basic research was done in the field of chemistry, 
30 per cent in the field of engineering sciences, 13 per 
cent in physics, 8 per cent in metallurgy, 6 per cent in 
medical, agricultural, and biological sciences, and 3 
per cent in earth and other sciences. 

As earlier surveys showed, large companies carried 
the major research load—9 per cent of the companies 
with 1000 employees or more, accounting for 85 per 
cent of research and development costs. However, this 
most recent survey showed many more small com- 
panies conducting research than had been suggested 
by earlier studies. Thus 9500 firms with less than 100 
employees and nearly 4000 with 100 to 499 employees 
carried on research and development in 1953. 

Additional information on this important subject 
may be found in the bulletin, Science and Engineering 
in American Industry, available from the Government 
Printing Office, Washington 25, D. C. 


oe SEMICONDUCTOR ABSTRACTS 


Keeping up with advancements in the 

broad field of semiconducting and lumines- 

cent materials is a difficult task. Important 
writings appear in a wide variety of publications 
throughout the world. To simplify the task of staying 
abreast of developments, the Electrochemical Society 
has undertaken the publication of Abstracts of the 
Literature on Semiconducting and Luminescent Ma- 
terials and Their Applications. 

The 1954 issue of the Abstracts is now ready for 
distribution. It was prepared under the guidance of 
the management and editorial committee of the So- 
ciety’s Electronics Division. The 1953 as well as the 
1954 issue may be obtained from John Wiley and Sons. 

While the various abstract journals have been the 
principal sources for the publication, oral papers and 
additional writings have also been abstracted. Where 
possible, the most important experimental results or 
conclusions presented in the articles and papers have 
been included in the abstracts. The issue contains a 
total of over 760 items. 

The task of compiling the abstracts was handled by 
the staffs of Battelle's solid state devices and physical 
chemistry divisions. Battelle's Ernest Paskell, a mem- 











ber of the Society's Guiding Committee, spearheadeg 





preparation of the compilation. 






¥ MOLYBDENUM CHEMICAL, STUDIES 


\ general renaissance of inorganic, ay 
particularly of metal chemistry IS partl 
responsible for the current high interest j 
molybdenum chemistry, according to Alvin J. Herzig 
vice president in charge of research for Climax Moly) 
denum Company. He credits this renaissance to the 


great technological advances in such fields as nuclear 


~ 


energy and jet and rocket propulsion. The renewe 
interest has resulted in an expanded molybdeny 
chemical research program at Climax, part of whid 
is being conducted by Battelle. 

The investigation at Battelle is directed at findi 











new applications for existing molybdenum chemic 
The first phase of this work is directed at broadeni 
the use of phospho- and silicomolybdates now used j 
the organic pigment industry. The study will include 
the evaluation of the technical feasibility of new ap 
plications for such molybdenum chemicals as the nor 
mal molybdates, the cyano-molybdates, and molyb-, 


denum disulfide. 


* A patent (U. S. 2,730,850) for an automatic 
sharpening attachment for a cloth-cutting ma 
chine was recently granted to its designers, Albert M.| 
Rockwood and Robert M. Conklin of Battelle. Th 
patent has been assigned by them to The Wolf Ma-\ 
chine Company of Cincinnati, which is manufa 
turing cloth cutters with the improved sharpener. 

The sharpening attachment incorporates these fea 
tures: it simultaneously grinds both sides of the cutter 
blades; it sharpens the toe of the blade; it can sharpet 
both straight and serrated blades. 

The sharpener maintains a constant sharpening 
angle; wear of the blade and grinding wheels does not 
affect the sharpening angle. This angle is an important 
determinant of the efficiency with which the clot! 


is cut. 


* The following U. S. patents, based upon Battell 


research, have been issued recently: 


2,731,849—"Power Transmission Control”, Albert M. Rock 
wood, James E. Ballmer, and Claude H. May 
2,732,551—“Spherical Cage Antenna”, John D. Kraus 


73 
2,733,141—"Pneumatic Process for the Refining of Basic Pig 
Iron”, Clarence E. Sims 

2,.733,168—“Tin-Zinc Base Alloys”, Allen W. Hodge a 
Robert L. Ballard. 

2,734,817—“Metallic Powders”, Ralph A. Happ: 


; 





